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In 2012, the Centers for Disease Control and Prevention (CDC) reported 3.2 cases of
tuberculosis (TB) per 100,000 persons in the United States.? Although TB incidence has
declined during the past several decades, the 2010 goal of < 1 case per 1,000,000 persons—
as established in the national strategic plan for TB elimination—has yet to be achieved.2
Although persons aged = 65 years accounted for only 14% of the population in 2012, this
group represented 22% of reported cases of TB.3# An analysis of 1993-2008 cases reported
in the United States showed that the rate of TB among elderly adults was as much as 30%
higher than among younger adults.> Even more striking are the disproportionate rates
documented among those living in long-term-care facilities (LTCFs). Previous reports have
estimated that adults aged = 65 years residing in LTCFs may have between 4 and 50 times
the risk of developing TB disease than elderly persons living in the community.>~7

As of April 2014, approximately 3.2 million workers were employed in LTCFs.8 The size of
this occupational group will grow significantly in the coming years if LTCF resident
populations increase as expected. Past estimates suggest the TB case rates are 3 times higher
among LTCF workers compared with those working in any other job.? Therefore, prevention
and control of TB in LTCFs are essential to protect both the residents and employees in
these settings. The goal of this article is to summarize findings of an LTCF TB outbreak
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investigation to highlight the unique challenges posed by Mycobacterium tuberculosis
transmission in these settings.

CASE STUDY

During 2011-2012, the Alaska Department of Health and Social Services, the Anchorage
Department of Health and Human Services, CDC’s National Institute for Occupational
Safety and Health (NIOSH), and CDC'’s Division of Tuberculosis Elimination investigated
suspected M tuberculosis transmission at a 190-bed LTCF in Alaska. In April 2011, the
investigation was initiated when the facility’s annual employee TB screening program
identified an aberration in the number of tuberculin skin test (TST) conversions. In contrast
to no TST conversions in previous annual screenings, 8 of 230 evaluated employees had
documented TST conversions (defined as = 10 mm increase). In this LTCF, employees
without a history of TB disease or latent TB infection (LTBI) were screened with a TST
upon hire and then every April. Similarly, residents without a history of TB disease or LTBI
were screened via TST within 72 hours of admission and then annually during the month of
their admission anniversary. Residents and employees with a history of TB disease or LTBI
undergo a baseline chest radiograph and annual TB symptom screening via questionnaire.

Subsequent screening of residents from April-November 2011 used an interferon-gamma
release assay (IGRA) and identified newly positive IGRA test results, defined as = 0.35
IU/mL, among 8 of 17 residents (47%) of a single secure unit for dementia special care.

Using a risk-stratified approach to preselect those at highest risk of infection, thorough
screening of 216 of 350 (62%) current and former employees and 85 of 155 (55%) current
and former residents was undertaken via varying combinations of symptom review; TST or
IGRA; chest imaging; and sputum collection through expectoration, induction, or
bronchoscopy as needed. Deciding between TST or IGRA was based on which test had been
used previously for each person evaluated.1°

Ultimately, 12 residents and 11 employees were found to have new LTBI, and 1 resident was
found to have pulmonary TB disease. This resident had a history of pulmonary TB disease in
the remote past and resided in the secure dementia special care unit. The resident had a
comprehensive negative prior workup for TB between April and November 2011, including
chest radiographs, bronchoscopy with bronchoalveolar lavage for acid-fast bacilli (AFB)
smear and culture, and stool polymerase chain reaction test for TB. From a pulmonary
specimen collected in May 2012, the resident was found to have both a positive AFB sputum
smear result and a positive AFB culture result for M tuberculosis, which were interpreted as
probable reactivation of TB. All 11 employees and 8 of 12 residents with newly diagnosed
LTBI were epidemiologically linked to this resident with TB disease, who reportedly did not
move outside of this unit during the time at the LTCF. However, no clear epidemiologic link
to the other 4 residents, who resided outside of the secure dementia special care unit, was
found.

We cross-checked the limited paper visitor and volunteer logs available against the state TB
disease database, without any matches. Evaluation of the ventilation system did not find an
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airflow pattern that could explain how the other 4 residents could have been infected from
the resident with TB disease. One of these LTCF residents with significant weight loss,
productive cough, and TST conversion died from respiratory failure during August 2012
while our investigation was still ongoing. Because no postmortem examination was
performed, we were unable to determine whether this individual had TB disease and was the
source of exposure to the other 3 residents. The 1 resident with documented TB disease
received appropriate therapy promptly upon diagnosis, and all those with LTBI were offered
treatment. Improvements to administrative controls such as training of employees and
improved screening procedures were implemented at the LTCF. No further evidence of
ongoing transmission has been noted as of July 2014.11

SITUATIONAL ANALYSIS

Throughout the course of the investigation, many diagnostic, staffing, and treatment
difficulties were encountered. LTCFs present a unique set of challenges for TB prevention
and control, and diagnosing TB among elderly persons can be complicated. Therefore,
understanding issues encountered in outbreak investigations aids in refining areas for
continued clinical and public health research and informing updated guidelines and policies
to protect residents and employees.

Diagnostic challenges

Recognizing signs and symptoms—Administrative controls, starting with early
detection of contagious TB, are the cornerstone of preventing transmission in health care
settings.12 However, TB has long been recognized as an imitator of multiple other diseases,
making diagnosis challenging even under ideal conditions.13 Further, aging reduces the
ability to mount a cell-mediated immune response, making atypical presentations of TB due
to dissemination of TB disease or localization to other organs more common.614 In elderly
persons, classic presenting features of pulmonary TB disease such as weight loss, cough,
hemoptysis, and night sweats may be either absent or attributable to alternative
diagnoses.®14:15 Conditions such as dementia and strokes can be associated with dysphagia,
increasing the possibility of chronic cough from recurrent aspiration.16 Elderly persons are
also more prone to weight loss because of poor nutrition and increased metabolic demand
from chronic diseases.l” Obtaining reliable information from symptom screening can be
especially challenging given the prevalence of cognitive impairments.18

TB disease in elderly persons may have an insidious onset with persistently decreased ability
to perform activities of daily living, new onset or worsening of preexisting cognitive
impairment, and increasing fatigue and dyspnea.l® Given the broad differential diagnosis
necessary for chronic signs and symptoms such as these, TB diagnosis is delayed in some
instances, increasing patient morbidity and mortality and allowing more time for
transmission, especially in congregate settings.>8

Diagnostic testing—CDC recommendations for TB screening of residents and
employees of LTCFs are based on initial and ongoing facility-specific risk assessments.12
Medium-risk LTCFs, such as the 1 in this investigation before the outbreak, are defined as
settings where patients with TB are expected to be encountered. In these settings, initial
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screening via a 2-step TST or a single IGRA should be used for baseline LTBI evaluation.
Thereafter, CDC recommends annual screening with a single TST or IGRA unless there is
documentation of a prior positive TST or IGRA result. In individuals with a baseline positive
test result for LTBI, or completion of LTBI or TB disease therapy, a single chest radiograph
should be performed to exclude TB disease with routine symptom screening thereafter.12

The limitations of TST have been well described. Exposure to nontuberculous mycobacteria
can cause a false-positive TST result.6:1219.20 False-negative TST results are more common
in aging populations due to impaired immunity leading to the possibility of unrecognized TB
infection.>21 Additionally, TST findings are only valid if the tests are performed and
interpreted properly. Therefore, TB should remain in the differential diagnosis in elderly
patients residing in LTCFs with clinical signs and symptoms of TB, even for those with a
negative TST result.b

IGRAs can be performed at a single patient encounter; however, IGRAs have their own
limitations. IGRA is generally more expensive than TST, requires proper blood collection
and transport, and must be processed promptly.10 Recent reports have documented variable
results with serial IGRA testing, making interpretation challenging.22 False-positive IGRA
conversions have been noted among health care workers in areas or settings with a low
prevalence of TB.22 Additionally, scant data exist on IGRA use in elderly populations.8:23.24
Finally, use of TSTs and IGRASs in combination can lead to diagnostic dilemmas from
discordant results.19 We encountered both discordance between serial IGRA tests and
discordance between IGRA and TST results during our investigation.11

A chest radiograph is recommended for persons with signs or symptoms of TB disease or
with a positive test result for LTBI and should be performed before initiation of therapy for
LTBI to rule out TB disease. Upper-lobe infiltrates, often with evidence of cavities, are the
classic TB findings on chest radiograph.12 The most easily interpretable chest radiograph
includes 2 upright views: posterior-anterior and lateral. Proper technique dictates use of the
correct exposure, appropriate body positioning, and patient-held maximally inspired
breath.25

Obtaining adequate radiographs in the LTCF population is challenging. Curvature of the
spine and cognitive impairment can make proper positioning and capturing of images at full
inspiration difficult.” Additionally, most LTCFs are not equipped to perform 2-view, upright
chest radiographs within their facilities, but rather are limited to lower quality, portable,
single-view, anterior-posterior images. ldeally, LTCF residents with suspected TB disease
should be transported to a facility equipped for full diagnostic imaging.

Although chest radiograph remains essential in the clinical evaluation of TB disease, factors
unique to elderly populations may limit its value in this population. Classic chest radiograph
findings, such as cavities, are less common in this group.8:14.15 Additionally, underlying
parenchymal or pleural abnormalities such as recurrent pneumonias, lung cancer,
emphysema, or silicosis can mimic findings of TB or even obscure certain portions of the
lung fields, further complicating diagnosis.>6:16
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Pulmonary TB disease can be confirmed by isolation of M tuberculosis from a culture of
sputum. Nucleic acid amplification tests, which can aid in more rapid diagnosis of TB
disease, were not available and therefore not used in the initial stages of this investigation.2
Sputum is preferably obtained as a self-produced, expectorated specimen.12 Difficulties
encountered in gathering expectorated sputum specimens because of cognitive deficits and
weak cough limit the utility of this collection method in LTCF populations.®:” More than
half of residents involved in our investigation, including several with TST conversions, could
not produce adequate sputum samples for analysis, complicating our ability to detect TB
disease in these individuals.1!

For patients who are unable to produce an adequate sputum specimen, expectoration can be
induced by inhalation of an aerosol of warm, hypertonic saline. This should be done by
trained providers in a small, well-ventilated sputum induction booth or in an airborne
infection isolation (All) room.5:12 In facilities that do not have sputum induction booths or
All rooms, CDC recommends performing sputum collection outside of a building, away
from other persons, windows, and ventilation intakes. Further, employees conducting
sputum induction should wear NIOSH-approved filtering facepiece respirators or respirators
that afford a higher level of protection.12 Although the facility in our investigation had well-
trained respiratory therapists able to collect induced sputum samples outside the building,
many LTCFs lack the personnel and recommended resources needed to perform this
procedure.

In the event that an adequate sputum specimen cannot be obtained to effectively rule out
pulmonary TB disease, bronchoscopy may be considered as an alternative means of
obtaining respiratory samples. However, bronchoscopy increases the risk of transmission to
health care personnel, cannot routinely be performed within most LTCFs, has risk of
complications, is costly, and requires consent from the patient or power of attorney/
guardian.6:12:27.28

Several studies have shown that TB diagnosis is often made only at autopsy.19:29:30 Even if
diagnosis is after death, contact tracing to find persons who were exposed is essential for
reducing morbidity and the risk of second-generation transmission. Autopsy rates have
declined to <10% of deaths overall and to <1% of deaths among LTCF residents.?:31:32
During our investigation, difficulty obtaining autopsies may have limited our efforts to
discover the source of the outbreak.11

Organization-related challenges

Staffing—Issues in investigating the transmission of M tuberculosisin LTCFs are not
limited to diagnostic dilemmas. Multiple administrative challenges could be barriers to case
finding, including staffing limitations. As health care costs continue to rise, employees and
facilities in the industry must increasingly do more with fewer resources. For physicians and
other providers, this can mean seeing more patients in less time.33 In addition, high LTCF
employee turnover leads to greater numbers of recently hired, less-experienced, or part-time
health care providers. Therefore, routine training and educating staff on TB infection control
procedures; recognition of new, subtle, or atypical TB symptoms among residents; and
maintaining good communication and continuity of care between providers can be difficult.
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Locating former employees during outbreak investigations can also be complicated because
contact information is not always available, and this challenged us in our investigation.®11

Volunteers and visitors to LTCFs can also acquire or transmit TB.%:12 In LTCFs, volunteer
and visitor logs may be poorly maintained, further complicating outbreak investigation
activities.? In our investigation, handwritten names on volunteer and visitor records were
often illegible, and logs were only saved for 3 months, preventing thorough evaluation of
this group.11

Treatment challenges

Because many LTCFs are not equipped to manage residents with TB disease, these
individuals are commonly referred to inpatient facilities for initiation of therapy.12 Treating
LTBI and TB disease in elderly populations presents a unique set of challenges related to
duration of treatment, drug—drug interactions, and drug toxicities. At the time of our
investigation, isoniazid for 9 months was the preferred treatment of LTBI in all age
groups.8:12:34.35 The facility in our investigation used 4 months of rifampin for LTBI
treatment in its resident population because of its improved side effect profile.34:35

In cases of suspected TB disease, use of standard 4-drug therapy, including isoniazid,
rifampin, pyrazinamide, and ethambutol, is recommended while awaiting susceptibility
testing.6:12:36 Before discontinuation of All precautions and transfer back to the LTCF,
individuals being treated for TB disease should complete a minimum of 2 weeks of an
appropriate regimen, show signs of clinical improvement, and demonstrate 3 consecutive
negative sputum AFB smears.12:36

In the past, some have argued for empiric TB disease treatment in elderly persons who have
suspected TB because of the diagnostic difficulties encountered in this population.19:37
When treating known TB disease in patients who take multiple other medications and with
elevated numbers of comorbidities, risks of drug—drug interactions and toxicities are
concerning.8:1° The majority of safety trials for use of these agents were conducted in
healthy persons younger than age 35 years.® Isoniazid intolerance and toxicity increase with
age, and isoniazid may increase, whereas rifampin may decrease serum levels of common
medications used by elderly persons.®:36:38 The adverse effect profiles for ethambutol and
pyrazinamide also require close follow-up and monitoring.8:37:38 Although recent studies
have shown positive results with a shorter, less-toxic regimen, these studies have not
adequately evaluated the safety and efficacy of these newer regimens among elderly
individuals.39:40

CHALLENGES WITH ENGINEERING CONTROLS AND RESPIRATORY
PROTECTION

Because many LTCFs do not expect to encounter patients with TB disease, few have All
rooms available.814 CDC recommends that LTCFs without such resources transfer residents
with suspected TB disease to an alternative setting that is equipped for proper isolation and
evaluation of suspected TB cases.1? If immediate transfer is not possible, the patient should
be placed in a private room and given a surgical mask pending transfer.6:12 Employees
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should use fit-tested NIOSH-approved filtering facepiece respirators or those with a higher
level of protection when entering the room or providing care to patients with suspected or
confirmed infectious TB.6:12 Respiratory protection programs should follow the
Occupational Safety and Health Administration Respiratory Protection Standard. This
includes development of a written respiratory protection program, medical clearance of
employees to wear respirators, fit testing, and training.*!

Attempts to educate cognitively impaired elderly patients on cough etiquette are unlikely to
be successful, and keeping a surgical mask on a disoriented person can be challenging and
also distressing for the patient. Isolating such patients may also be problematic due to the
risk of more rapid dementia progression or facilitation of delirium.1542:43

CONCLUSIONS

TB in LTCF populations poses several diagnostic, administrative, and treatment challenges
that deserve attention and present many important new areas for future research. Continued
strengthening of TB surveillance programs is essential. As a part of these efforts, health care
providers in LTCFs should consider TB in their differential diagnosis when evaluating ill
residents even when IGRA or TST results are negative.

Further studies of IGRA characteristics among elderly populations and reevaluation of the
positive predictive value for this assay are needed. Generally, assessment of LTBI
conversions should be based on repeated use of a single test (ie, IGRA or TST) rather than
use of both the IGRA and the TST in combination.1% Additionally, continued attempts to not
only develop but also use new technologies for improved and more rapid assessment of
those with suspected TB are essential.>26

Administrative challenges demonstrate that improvements in surveillance, diagnosis, and
treatment are needed. High employee turnover rates emphasize the importance of proper
documentation of baseline TB status as well as good contact information for departing
personnel. Staff training programs should include materials tailored to all education levels
and clinical roles, and be offered during work hours.1214 Close monitoring of those
performing TSTs or collecting blood for IGRA testing for quality assurance purposes will
help maintain a high level of accuracy of test results.12 Enforcement of visitor and volunteer
registration, possibly with computer-based logs to eliminate legibility issues, and longer
retention of these records will aid in contact investigations in LTCFs. In addition, a culture
of safety that encourages staff participation, immediate reporting of symptoms suspicious for
TB among residents, and constant suggestions for improvements must be fostered to
empower employees in LTCFs.

Although the number of new TB cases identified in the United States has declined since the
resurgence in the early 1990s, Alaska has reported TB rates higher than the national average
for the past decade.** Areas for improving prevention and control efforts remain,
particularly among subpopulations at higher risk for TB. Lessons learned from outbreak
investigations such as ours provide valuable insights into the control of TB in high-risk
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ngregate populations, a step important to ongoing progress toward TB elimination goals in

the United States.

Acknowledgments

The authors thank Bruce Chandler, Michael Cooper, Judith Eisenberg, Robert Luo, Joseph McLaughlin, and
Sundari Mase for their assistance with this investigation.

The findings and conclusions presented here are those of the authors and do not necessarily represent the official
position of the Centers for Disease Control and Prevention.

References
1.

10

11.

12.

13.

Centers for Disease Control and Prevention (CDC). Trends in tuberculosis — United States, 2012.
MMWR Morb Mortal WKly Rep. 2013; 62:201-205. [Accessed October 30, 2014] Available from:
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6211a2.htm. [PubMed: 23515056]

. Centers for Disease Control and Prevention (CDC). A strategic plan for the elimination of

tuberculosis in the United States. MMWR Morb Mortal Wkly Rep. 1989; 38:269-272. [PubMed:
2495428]

. U.S. Census Bureau, Population Division. [Accessed October 30, 2013] Annual Estimates of the

Resident Population for Selected Age Groups by Sex for the United States, States, Counties, and
Puerto Rico Commonwealth and Municipios: April 1, 2010 to July 1, 2012. Available from: http://
factfinder2.census.gov/faces/tableservices/jsf/pages/productview.xhtml?src=bkmk.

. Centers for Disease Control and Prevention (CDC). [Accessed October 30, 2014] Reported

tuberculosis in the United States, 2012. Available from: http://www.cdc.gov/tb/statistics/reports/
2012/pdf/report2012.pdf.

. Pratt RH, Winston CA, Kammerer JS, Armstrong LR. Tuberculosis in older adults in the United

States, 1993-2008. J Am Geriatr Soc. 2011; 59:851-857. [PubMed: 21517786]

. Thrupp L, Bradley S, Smith P, Simor A, Gantz N, Crossley K, et al. Tuberculosis prevention and

control in long-term-care facilities for older adults. Infect Control Hosp Epidemiol. 2004; 25:1097-
1108. [PubMed: 15636299]

. Morris CD, Nell H. Epidemic of pulmonary tuberculosis in geriatric homes. S Afr Med J. 1988;

74:117-120. [PubMed: 3261044]

. U.S. Bureau of Labor Statistics. [Accessed May 30, 2014] Establishment Data. Table B-1a.

Employees on nonfarm payrolls by industry sector and selected industry detail, seasonally adjusted.
Available from: http://www.bls.gov/web/empsit/ceseebla.htm.

. ljaz K, Dillaha JA, Yang Z, Cave MD, Bates JH. Unrecognized tuberculosis in a nursing home

causing death with spread of tuberculosis to the community. J Am Geriatr Soc. 2002; 50:1213—
1218. [PubMed: 12133015]

. Mazurek GH, Jereb J, Vernon A, LoBue P, Goldberg S, Castro K, et al. Updated guidelines for
using interferon gamma release assays to detect Mycobacterium tuberculosis infection — United
States, 2010. MMWR Recomm Rep. 2010; 59:1-25. [PubMed: 20577159]

de Perio MA, Niemeier RT. Evaluation of exposure to tuberculosis among employees at a long-
term care facility. U.S. Department of Health and Human Services, Centers for Disease Control
and Prevention, National Institute for Occupational Safety and Health. 2013 Report No.
2012-0137-3178.

Centers for Disease Control and Prevention (CDC). Guidelines for preventing the transmission of
Mycobacterium tuberculosis in health-care settings, 2005. MMWR. 2005; 54:1-142.

Sievers ML. The second “great imitator” — tuberculosis. JAMA. 1961; 176:809-810.

14. Rajagopalan S, Yoshikawa TT. Tuberculosis in long-term-care facilities. Infect Control Hosp

15.

Epidemiol. 2000; 21:611-615. [PubMed: 11001270]
Perez-Guzman C, Vargas MH, Torres-Cruz A, Villarreal-Velarde H. Does aging modify pulmonary
tuberculosis? A meta-analytical review. Chest. 1999; 116:961-967. [PubMed: 10531160]

Am J Infect Control. Author manuscript; available in PMC 2016 July 08.


http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6211a2.htm
http://factfinder2.census.gov/faces/tableservices/jsf/pages/productview.xhtml?src=bkmk
http://factfinder2.census.gov/faces/tableservices/jsf/pages/productview.xhtml?src=bkmk
http://www.cdc.gov/tb/statistics/reports/2012/pdf/report2012.pdf
http://www.cdc.gov/tb/statistics/reports/2012/pdf/report2012.pdf
http://www.bls.gov/web/empsit/ceseeb1a.htm

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Jackson et al.

Page 9

16. Sato E, Hirano H, Watanabe Y, Edahiro A, Sato K, Yamane G, et al. Detecting signs of dysphagia
in patients with Alzheimer’s disease with oral feeding in daily life. Geriatr Gerontol Int. 2014;
14:549. [PubMed: 23992204]

17. Soenen S, Chapman IM. Body weight, anorexia, and undernutrition in older people. J Am Med Dir
Assoc. 2013; 14:642-648. [PubMed: 23522494]

18. den Boon S, White NW, van Lill SW, Borgdorff MW, Verver S, Lombard CJ, et al. An evaluation
of symptom and chest radiographic screening in tuberculosis prevalence surveys. Int J Tuberc
Lung Dis. 2006; 10:876-882. [PubMed: 16898372]

19. Zevallos M, Justman JE. Tuberculosis in the elderly. Clin Geriatr Med. 2003; 19:121-138.
[PubMed: 12735118]

20. Latorre I, De Souza-Galvao M, Ruiz-Manzano J, Lacoma A, Prat C, Altet N, et al. Evaluating the
non-tuberculous mycobacteria effect in the tuberculosis infection diagnosis. Eur Respir J. 2010;
35:338-342. [PubMed: 20123845]

21. Stead WW. Tuberculosis among elderly persons: an outbreak in a nursing home. Ann Intern Med.
1981; 94:606-610. [PubMed: 7235393]

22. Dorman SE, Belknap R, Graviss EA, Reves R, Schluger N, Weinfurter P, et al. Interferon-vy release
assays and tuberculin skin testing for diagnosis of latent tuberculosis infection in healthcare
workers in the United States. Am J Respir Crit Care Med. 2014; 189:77-87. [PubMed: 24299555]

23. Jeong YJ, Yoon S, Koo HK, Lim HJ, Lee JS, Yang SC. Positive tuberculin skin test or interferon-
gamma release assay in patients with radiographic lesion suggesting old healed tuberculosis. J
Korean Med Sci. 2012; 27:761-766. [PubMed: 22787371]

24. Katsenos S, Nikolopoulou M, Gartzonika C, Manda-Stachouli C, Gogali A, Grypaiou C, et al. Use
of interferon-gamma release assay for latent tuberculosis infection screening in older adults
exposed to tuberculosis in a nursing home. J Am Geriatr Soc. 2011; 59:858-862. [PubMed:
21517785]

25. Chiles, C.; Gulla, SM. Radiology of the chest. In: Chen, MY.; Pope, TL.; Ott, DJ., editors. Basic
Radiology. 2nd ed.. New York: The McGraw-Hill Companies, Inc; 2011. p. 62-118.

26. Centers for Disease Control and Prevention (CDC). Availability of an assay for detecting
Mycobacterium tuberculosis, including rifampin-resistant strains, and considerations for its use -
United States, 2013. MMWR Morb Mortal Wkly Rep. 2013; 62:821-827. [PubMed: 24141407]

27. Cracco C, Fartoukh M, Prodanovic H, Azoulay E, Chenivesse C, Lorut C, et al. Safety of
performing fiberoptic bronchoscopy in critically ill hypoxemic patients with acute respiratory
failure. Intensive Care Med. 2013; 39:45-52. [PubMed: 23070123]

28. Mouchantaf FG, Shostak E, Lamb CR. Characteristics and financial costs of patients with
respiratory failure at bronchoscopy. J Bronchology Interv Pulmonol. 2012; 19:188-194. [PubMed:
23207459]

29. Rieder HL, Kelly GD, Bloch AB, Cauthen GM, Snider DE. Tuberculosis diagnosed at death in the
United States. Chest. 1991; 100:678-681. [PubMed: 1889256]

30. Bobrowitz ID. Active tuberculosis undiagnosed until autopsy. Am J Med. 1982; 72:650-658.
[PubMed: 7072745]

31. Harrington DE, Sayre EA. Managed care and measuring medical outcomes: did the rise of HMOs
contribute to the fall in the autopsy rate? Soc Sci Med. 2010; 70:191-198. [PubMed: 19853343]

32. Katz PR, Seidel G. Nursing home autopsies. Survey of physician attitudes and practice patterns.
Arch Pathol Lab Med. 1990; 114:145-147. [PubMed: 2302031]

33. Hertz BT. Ready for 32 million new patients? ACA’s impact forever changes healthcare financing
and access to care. Med Econ. 2012; 89:16,21-16,24.

34. Menzies D, Long R, Trajman A, Dion MJ, Yang J, Al Jahdali H, et al. Adverse events with 4
months of rifampin therapy or 9 months of isoniazid therapy for latent tuberculosis infection: a
randomized trial. Ann Intern Med. 2008; 149:689-697. [PubMed: 19017587]

35. Page KR, Sifakis F, Montes de Oca R, Cronin WA, Doherty MC, Federline L, et al. Improved
adherence and less toxicity with rifampin vs isoniazid for treatment of latent tuberculosis: a
retrospective study. Arch Intern Med. 2006; 166:1863-1870. [PubMed: 17000943]

Am J Infect Control. Author manuscript; available in PMC 2016 July 08.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Jackson et al.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Page 10

American Thoracic Society; Centers for Disease Control and Prevention (CDC). Infectious
Diseases Society of America. Treatment of tuberculosis. MMWR Recomm Rep 2003; 52: 1-77.
Erratum in MMWR Recomm Rep. 2005; 53:1203.

Van den Brande P, van Steenbergen W, Vervoort G, Demedts M. Aging and hepatotoxicity of
isoniazid and rifampin in pulmonary tuberculosis. Am J Respir Crit Care Med. 1995; 152:1705—
1708. [PubMed: 7582317]

Yoshikawa TT, Nagami PH. Adverse drug reactions in TB therapy: risks and recommendations.
Geriatrics. 1982; 37:61-68. [PubMed: 7084671]

Sterling TR, Villarino ME, Borisov AS, Shang N, Gordin F, Bliven-Sizemore E, et al. Three
months of rifapentine and isoniazid for latent tuberculosis infection. N Engl J Med. 2011;
365:2155-2166. [PubMed: 22150035]

Centers for Disease Control and Prevention (CDC). Recommendations for use of an isoniazid-
rifapentine regimen with direct observation to treat latent Mycobacterium tuberculosis infection.
MMWR Morb Mortal Wkly Rep. 2011; 60:1650-1653. [PubMed: 22157884]

U.S. Department of Labor, Occupational safety and health Administration. [Accessed February 22,
2014] Occupational safety and health standards. 29 C.F.R. pt. 1910.134. Available from: https://
www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=12716.
Shankar A, Hamer M, McMunn A, Steptoe A. Social isolation and loneliness: relationships with
cognitive function during 4 years of follow-up in the English Longitudinal Study of Ageing.
Psychosom Med. 2013; 75:161-170. [PubMed: 23362501]

Fick DM, Steis MR, Waller JL, Inouye SK. Delirium superimposed on dementia is associated with
prolonged length of stay and poor outcomes in hospitalized older adults. J Hosp Med. 2013;
8:500-505. [PubMed: 23955965]

Centers for Disease Control and Prevention (CDC). [Accessed November 4, 2014] Reported
tuberculosis in the United States, 2013. Available from: http://www.cdc.gov/tb/statistics/reports/
2013/pdf/report2013.pdf.

Am J Infect Control. Author manuscript; available in PMC 2016 July 08.


https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=12716
https://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=12716
http://www.cdc.gov/tb/statistics/reports/2013/pdf/report2013.pdf
http://www.cdc.gov/tb/statistics/reports/2013/pdf/report2013.pdf

	CASE STUDY
	SITUATIONAL ANALYSIS
	Diagnostic challenges
	Recognizing signs and symptoms
	Diagnostic testing

	Organization-related challenges
	Staffing

	Treatment challenges

	CHALLENGES WITH ENGINEERING CONTROLS AND RESPIRATORY PROTECTION
	CONCLUSIONS
	References

